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Introduction
Life-history traits are fundamentally constrained by tradeoffs among survival, growth, and reproduction (Stearns 1992) . Considering that resources may be limited, differential allocation of energy to one of these life functions reduces investment in others. As a consequence, individuals cannot simultaneously optimize all life-history traits. Therefore, traits are shaped by a complex natural selection landscape that is influenced by a variety of factors, such as physical condition of individuals, climate, food supply, bauplan, and evolutionary history, which are often correlated and difficult to tease apart (Dunham and Miles 1985; Miles and Dunham 1992) . Identification of mechanisms that generate variation in life-history traits is critical for understanding evolution of divergent reproductive strategies. The timing and magnitude of reproductive investment, size and number of offspring, growth patterns, age at maturity, reproductive life span, and age-specific mortality schedules are examples of life-history traits that have traditionally been considered as key variables in life-history studies (Mesquita et al. 2016b; Roff 1992; Roff 2002; Stearns 1992) . Here, we use a new global data set on lizard life-history traits (Mesquita et al. 2015) , with high geographic and taxonomic coverage, to explore patterns of covariation in life-history traits. We use this new and extended data set to test general hypotheses derived from lifehistory theory. In addition, we attempt to unravel whether observed life-history patterns are shaped by climate, foraging mode, tropical versus temperate distribution, and/or habitat specialization.
The evolution of phenotypic characteristics such as lifehistory traits is a complex phenomenon, influenced by many different processes affecting rates and mode of evolution (Ackerly 2009; Mahler et al. 2010; Revell et al. 2012) . The interaction of different phenotypic rates (e.g., slow or fast evolution) with different evolutionary modes (e.g., stabilizing and/or directional selection, genetic drift) will result in a range of patterns regarding the phenotypic similarity among related species (Revell et al. 2008) . At one end of the range, closely related species may show similar lifehistory traits. Many underlying mechanisms-such as stabilizing selection, genetic constraints, and/or gene flow-may contribute to this pattern (i.e., niche conservatism; Losos 2011; Pyron et al. 2015; Wiens and Graham 2005) . For instance, if life-history traits show adaptive responses to climatic conditions and related species continue to occupy similar climates, then natural selection will prevent species divergence in those traits. In this scenario, the predicted outcome is a strong pattern of phylogeny predicting life-history traits. At the other end of the range, phenotypic similarity may be largely independent of phylogenetic relationships, and in some cases, even closely related species can be very dissimilar in some ecological attributes (e.g., in adaptive radiations). This can be caused by rapid rates of phenotypic evolution or stabilizing selection on a single optimum (OrnsteinUhlenbeck model; Revell et al. 2008) . Previous studies found strong evidence for niche conservatism of reproductive traits in squamates. For instance, some clades of tropical South American lizards show high phylogenetic conservatism in body and clutch size (Mesquita and Colli 2010) . Conversely, other studies showed high lability in life-history traits. For example, viviparity in squamate reptiles is a well-known case of multiple convergences evolving as a response to cooler climates (Fraipont et al. 1996; Shine 2005; Pyron and Burbrink 2014) . Therefore, understanding how traits evolve is essential to quantify life-history variation and test hypotheses about what factors affect life-history traits.
Many hypotheses have been proposed to explain variation in life-history traits in lizards. For instance, some studies suggest that body size and relative clutch mass (RCM) have coevolved with foraging mode (see Vitt and Congdon 1978; Huey and Pianka 1981) . By virtue of their streamlined bodies, active foragers tend to have clutches representing a small proportion of total body mass. Conversely, sit-andwait ambush foragers tend to have stockier bodies and higher RCM (Vitt and Congdon 1978) . Therefore, this hypothesis predicts that RCM will be higher in sit-and-wait foragers. Other hypotheses suggest that reproductive mode is influenced by thermal regimes associated with development: in tropical regions, ectotherms can rely on warm temperatures for egg development, whereas in cold climates, as in temperate regions, maternal thermoregulation (i.e., viviparity) can yield more efficient embryo protection and more rapid development (Huey 1977; Blackburn 1982; Shine 2005) . Therefore, this hypothesis predicts that viviparity should be more common in colder climates. Also, many studies suggest different hypotheses about the relationship of climate and life-history traits. For instance, as a result of increased competition, higher predation on hatchlings, energetic advantages of frequent oviposition, and/or lower clutch mass due to maternal mobility in tropical lizards (e.g., Inger and Greenberg 1966; Tinkle et al. 1970; Andrews and Rand 1974) , larger clutches are expected in more seasonal climates (James and Shine 1988) . Previous studies have also suggested that habitat specialization can constrain life-history traits. For example, use of rock crevices as shelter strongly influences body shape, suggesting morphological constraints on the evolution of lifehistory traits, including clutch/litter size, size at birth, and RCM (see Vitt 1981; Zamora-Abrego et al. 2007 ). Therefore, this hypothesis predicts differences in life-history traits among different habitat use specialization categories, such as arboreal, fossorial, and saxicolous (Losos 2011 ).
Herein we apply modern phylogenetic comparative methods to analyze the data set mentioned above (Mesquita et al. 2015) . With these new data and tools, we aim to effectively account for evolutionary history while testing the following specific ecological hypotheses: (1) Foraging mode constrains RCM. Prediction: active foragers will have lower RCM. (2) Temperature affects reproductive mode. Prediction: viviparity will be more conspicuous in temperate species and those found at higher elevations. (3) Habitat specialization constrains lifehistory traits. Prediction: lizards with different habitat specializations will show differences in traits, such as clutch/ litter size, size at birth, and/or RCM. (4) Evolutionary history explains trait characteristics but in varying degrees across clades (see Vitt and Pianka 2005) . Prediction: variation in trait values explained by clade membership will be unevenly distributed among lizard clades.
Methods

Lizard Life-History Data Set
Our data set consists of life-history data for 674 lizard populations, representing 297 species in 33 families, from 263 study sites including all continents except Antarctica ( fig. 1 ). About 65% of these data were collected directly by the authors, and remaining data were obtained from the literature ( fig. 1 ). All data collected are described in a data paper and deposited in Ecological Archives, http://dx.doi.org/10.1890 /14-1453.1 (Mesquita et al. 2015) , and in the Dryad Digital Repository, http://dx.doi.org/10.5061/dryad.55610 (Mesquita et al. 2016a) , and a summary is presented in the supplemental material, table S1 (available online).
Regarding data collected by authors, lizards were sexed by dissection and direct examination of gonads. Females were considered reproductive if vitellogenic follicles or oviductal eggs were present. We regarded the simultaneous presence of enlarged vitellogenic follicles and either oviductal eggs or corpora lutea as evidence for the sequential production of more than one clutch of eggs per year. Two different and possibly valid ways to determine clutch size exist. One is based on the number of oviductal eggs or enlarged vitellogenic follicles. The other is based on the number of eggs an individual would place in a nest (number of eggs actually deposited). Since we do not have data on lizard nests, we used the first estimate. For each lizard, we measured snout-vent length (SVL) with calipers or rulers to the nearest millimeter.
For each population, we recorded the following variables: adult female mass (g), adult female SVL (mm), female SVL at maturity (based on SVL of smallest reproductive female), offspring SVL (based on hatchling size or smallest individual in the population), clutch or litter size (mean number of offspring per clutch or litter for all reproductive females in the population), number of broods per year, clutch frequency (single or multiple brooded), relative clutch or litter mass 2 RCM (total volume or weight of eggs or embryos [cm 3 ] divided by adult female mass [g]), reproductive mode (oviparous or viviparous), foraging mode (sit-andwait or active), distribution (tropical or temperate), and preferred habitat type (semiaquatic, arboreal, bromelicolous, fossorial, psammophilous, saxicolous, semiarboreal, or terrestrial) . We use the word clutch to include both eggs and embryos (litters). To determine the distribution (tropical or temperate), we used the latitude where each study was conducted. We considered as tropical the zone between the Tropic of Cancer (23.57 north latitude) and the Tropic of Capricorn (23.57 south latitude). Remaining localities at higher latitudes were considered temperate.
For each lizard population, we obtained climatic data (altitude and bioclimatic variables) from the WorldClim project database (Hijmans et al. 2005 ; www.worldclim.org). The 19 climatic variables (BIO 1-BIO 19) used in our analyses were derived from monthly temperature and rainfall data over a 50-year period . For details, see Hijmans et al. (2005) .
We performed most analyses at the species level, meaning that each species was represented by one tip in the phylogeny and by a single value for each trait and climatic variable. In species for which we had data on multiple populations, we averaged across populations to derive a single value for each trait and climatic variable. Because variation among populations within species occurs and may provide additional insight into how climatic factors influence life history, we also performed an analysis (described below) using population-level data.
Phylogeny
Analysis of species-level data requires phylogenetic comparative methods that account for nonindependence due to shared ancestry (Felsenstein 1984; Felsenstein 1985; Brooks and McLennan 1991; Harvey and Pagel 1991) . We used the time-calibrated tree from Pyron and Burbrink (2014) and pruned the phylogeny to include only those taxa represented in our data set.
Statistical Analyses
Phylogenetic Signal. We tested for phylogenetic signal in binary life-history variables (reproductive mode) with the statistic D of Fritz and Purvis (2010) , using the phylo.d function in the caper R package (Orme et al. 2013) . For continuous life-history and climatic variables, we used the statistics l (Pagel 1997; Pagel 1999) and K (Blomberg et al. 2003) with the phylosig function in package phytools (Revell 2012) . For both l and K, values near 0 indicate phylogenetic independence, whereas values near 1 indicate that species' traits fol- Localities from which lizard life-history data were collected. Black symbols, data collected by authors. Gray symbols, data from literature. Names of all study localities and their sources are given in the study by Mesquita et al. (2015) .
low a Brownian motion model of trait evolution (Pagel 1999; Freckleton et al. 2002; Blomberg et al. 2003; Losos 2008) . Additionally, K 1 1 implies that close relatives are more similar than expected under a Brownian motion model of trait evolution (i.e., niche conservatism; Blomberg et al. 2003; Münkemüller et al. 2012) . We tested for significance in the phylogenetic signal (null hypothesis of l and K near 0) given by K using 1,000 randomizations of species names in the phylogeny (Blomberg et al. 2003) . The significance of l was assessed with a likelihood ratio test (Pagel 1999) . The likelihood ratio test compares the likelihood of l calculated from the true tree to the likelihood of l ¼ 1.
Relationship between Climate and Life-History Traits. To assess the influence of climate on life-history traits, we built ordinary least squares models for continuous traits (adult female mass and SVL, female SVL at maturity, offspring SVL, clutch size, and RCM), general linear models with Poisson error structure for count traits (broods per year, clutch frequency), and binomial error structure for binary traits (reproductive mode). We also built phylogenetic regression models for each trait against abiotic climatic variables. The phylogenetic models comprised the phylogenetic logistic regression (Ives and Garland 2010) for binary traits, phylogenetic Poisson regression (Paradis and Claude 2002) for count traits, and phylogenetic generalized least squares (Grafen 1989) for continuous traits. We checked the assumptions of normality and homoscedasticity of phylogenetic generalized least squares residuals by examining residual plots and with Shapiro and Bartlett tests, respectively (Quinn and Keough 2002) . Whenever such assumptions were not met, we employed the Box-Cox transformation (Box and Cox 1964) of the response variable using R package MASS (Venables and Ripley 2002). To generate climatic predictors in these models, we reduced the 19 bioclimatic variables using two principal component analyses (PCAs), one with temperature variables (BIO1-BIO11) and another with precipitation variables (BIO12-BIO19). The first (61.9%) and second (25.9%) axes of the temperature PCA captured 87.8% of the total variation. The first axis was positively correlated with BIO1, BIO3, BIO6, BIO9, and BIO11 (mean and minimum temperatures) and negatively correlated with BIO7 and BIO4 (temperature seasonality), representing a gradient of climate with colder temperatures and high seasonality to warmer temperatures and low seasonality. The second axis was positively correlated with BIO5 and BIO10 (maximum temperatures). The first (67.6%) and second (20.9%) axes of the precipitation PCA summarized 88.4% of the total variation. The first axis was positively correlated with BIO12, BIO13, BIO14, BIO16, BIO17, BIO18, and BIO19 (overall precipitation), representing a gradient of drier to wetter climates. The second axis was positively correlated with BIO15 (precipitation seasonality), representing a gradient of low to high rainfall seasonality. We retained the first two axes of each PCA and saved factor scores for each species (TempPC1, TempPC2, PrecipPC1, PrecipPC2) for use in analyses. We implemented phylogenetic logistic and phylogenetic Poisson regressions with package phylolm of R (Ho and Ane 2014). To implement phylogenetic generalized least squares models, we built expected covariance matrices under the Brownian motion and the Ornstein-Uhlenbeck models of trait evolution with R package ape (Paradis et al. 2004 ) and used them in a generalized least squares framework with package nlme (Pinheiro et al. 2015) . While trait variance accrues linearly with time in the Brownian motion model (Cavalli-Sforza and Edwards 1967), in the Ornstein-Uhlenbeck model (Lande 1976 ) trait variance tends to be constant with time, because trait values tend to return to a long-term mean if they evolve away. Thus, the Brownian motion model describes the evolution of continuous traits under random drift or adaptive evolution tracking randomly wandering adaptive optima for each lineage, whereas the Ornstein-Uhlenbeck model describes the evolution of continuous traits around an adaptive optimum toward which they are pulled or the evolution of the adaptive optimum itself (O'Meara and Beaulieu 2014). By using these two different models, we account for differences in modes of trait evolution, and we used the Akaike information criterion (AIC) to determine which model loses the least amount of information. To test whether phylogenetic conservatism or convergence is more conspicuous in our data set, we used canonical phylogenetic ordination (CPO; Giannini 2003) . CPO is a modification of canonical correspondence analysis (CCA; Ter Braak 1986), a constrained ordination method that promotes ordination of a set of variables so that its association with a second set of variables is maximized. The significance of the association is tested via null model randomizations of one or both data sets. In our CPO, one matrix (Y) contained life-history data measured for lizard populations (adult female mass, adult female SVL, female SVL at maturity, offspring SVL, mean clutch size, reproduction mode, number of broods per year, clutch frequency, and RCM), whereas the second matrix (X) consisted of a tree matrix that contained all monophyletic groups of species and populations ( fig. 2) , each coded sepa- Figure 2 : Individual groups used in canonical phylogenetic ordination (CPO) with life-history data. Phylogeny based on Pyron et al. (2013) . Black circles represent a very significant historical effect (P < :01) and green circles a moderate effect (:01 < P < :05), on the basis of a complete CPO. Viviparous species represented in purple. Limb-reduced and fixed-clutch species are indicated on tree. All lizard photos are by Laurie J. Vitt and Eric. R. Pianka except Liolaemus multicolor, which is by Robert E. Espinoza. rately as a binary variable (0 if population/species is not a member of the group, 1 if the population/species is a group member), and climatic variables (altitude, TempPC1, TempPC2, PrecipPC1, PrecipPC2, foraging mode, distribution, and preferred habitat type). This analysis thus consisted of finding the subset of X that best captured variation in Y, using CCA coupled with Monte Carlo permutations. One advantage of CPO is that it can tease apart specific clades that are highly correlated with life-history variation, showing whether or not variation in trait values explained by clade membership is clustered in specific areas of the tree (Vitt and Pianka 2005; Colston et al. 2010) . The CPO analysis is designed to rank the clades that maximize explanation of the variance in the trait data set; therefore, clades that explain more variation in the trait data set are ranked higher. Much like an ANOVA, a significant CPO analysis indicates differences in trait values between the focal clade and the remaining clades, based on the ratio of the between-and the within-group variance. In the CPO, the variance is represented by x 2 values (inertia or mean squared contingency coefficient). We implemented the CPO in CANOCO 4.5 for Windows, using the following parameters: symmetric scaling, biplot scaling, manual selection of climatic variables (monophyletic groups and climatic parameters), 9,999 permutations, and unrestricted permutations. After determining the significance of the full model-that is, including all predictors-we used an information theory approach based on the AIC to identify the best predictors and build a reduced model (Burnham and Anderson 2002) , with vegan (Oksanen et al. 2007 ). We used a stepwise approach, starting with an intercept-only model and sequentially adding and trying to drop predictors on the basis of model significance and AIC values (Oksanen et al. 2013) . Model significance was assessed with 1,000 Monte Carlo simulations. We conducted other statistical analyses using SYSTAT 13.0 for Windows and R (R Development Core Team 2015), with a significance level of 5% to reject null hypotheses. Means are presented 51 SE.
Relationship of Life-History Traits with Foraging Mode, Tropical versus Temperate Distribution, and Habitat Specialization. To determine whether and how life-history traits vary between sit-and-wait and active foragers, between temperate and tropical regions, and with habitat specialization use, we used nonphylogenetic and phylogenetic regression models as described above. To test the hypothesis that viviparity evolved as an adaptation to cold climates, we tested for differences in altitude and mean temperature (BIO1) between reproductive modes using the same procedures.
Results
Relationship between Climate and Life-History Traits
We collected life-history data for 297 lizard species from 33 families (out of a total of 36) distributed on all continents except Antarctica ( fig. 1 ). Phylogenetic signal was significant in all life-history traits examined (table 1). In most of our phylogenetic models, regressions with Brownian motion structure were superior to Ornstein-Uhlenbeck, as assessed by AIC values (table 2). The phylogenetic generalized least squares models showed significant influence of climatic parameters on adult female mass, adult female SVL, female SVL at maturity, clutch size, offspring SVL, and RCM (table 2; fig. 3 ). However, in general, all regressions showed very low effect sizes, indicating extensive unexplained variation in the data. Number of broods per year is positively related to temperature and negatively related to seasonality in precipitation (table 2; fig. 3 ). Clutch frequency is positively related to precipitation and negatively related to minimum and mean temperatures, whereas clutch size is negatively related to mean and minimum temperatures and positively related to precipitation and precipitation seasonality (table 2; fig. 3 ). Offspring SVL is positively related to maximum temperature, whereas RCM is negatively related to mean and minimum temperatures and seasonality in temperature (table 2; fig. 3 ). The stepwise CPO revealed that variation in trait values explained by clade membership is unevenly distributed among lizard clades. Results show that basal clades tend to explain more of the variation in trait values, but also some specific clades-such as Teiidae, Gymnophthalmidae, and Lacertoidea-were shown to explain significant variation in the trait values (table 3; fig. 4 ). On the basis of the complete CPO (available in the supplemental material, table S2), results were very similar, with most trait variation being explained by basal clades and specific clades-such as Crotaphytidae, Varanidae, Phynosomatidae, Anguimorpha, Scincoidea, Iguania, Tropiduridae, Gymnophthalmidae, Teiidae, Anguidae, Scincidae, and Liolaemidae-and no variation being explained by Anolis and Gekkota, with the exception of Phyllodactylidae ( fig. 2; table S2 ). CPO results also show that life-history traits were also explained by climate variables, including precipitation seasonality, precipitation of warmest quarter, mean temperature of driest quarter, maximum temperature of warmest month, temperature seasonality, isothermality, mean temperature of coldest quarter, temperature annual range, minimum temperature of coldest month, distribution (tropical vs. temperate), and annual mean temperature (table S2) .
Relationship of Life-History Traits with Foraging Mode, Tropical versus Temperate Distribution, and Habitat Specialization
For the nonphylogenetic analysis, among the life-history traits examined, clutch size was larger in temperate and semiarboreal species and smaller in aquatic species (tables 4, 5). Adult female mass was greater in temperate and in aquatic species and smaller in fossorial species (tables 4, 5). Adult female SVL was bigger in temperate species, similar to female SVL at maturity (tables 4, 5). Clutch frequency was larger in tropical species (tables 4, 5). RCM was bigger in temperate and semiarboreal species and smaller in aquatic species (tables 4, 5). Surprisingly, we did not find significant differences in RCM between foraging modes ( 
Discussion
Relationship between Climate and Life-History Traits
The phylogenetic generalized least squares and ordinary least squares models showed a significant influence of cli- mate variables on broods per year, clutch frequency, clutch size, offspring SVL, and RCM. Although our analysis identified significant effects, most regressions had very low effect sizes. This result indicates that much of the variation in life-history traits remains unexplained. Our data set consists of many species from many regions of the world. A data set of this magnitude is expected to have lots of noise (e.g., sampling error). Large amounts of unexplained variation are not uncommon in ecological studies with large data sets (Ter Braak 1986; Ter Braak and Van Tongeren 1995; Guisan and Zimmermann 2000; Gilbert and Bennett 2010) . In addition, life-history traits can be affected by multiple factors in different ways, therefore resulting in weak relationships.
Number of broods per year is positively related to maximum temperature and negatively related to seasonality in precipitation. Clutch frequency varies positively with precipitation. We also found that lizard clutch size is negatively related to mean and minimum temperatures, positively related to seasonality in temperature, and positively related to precipitation seasonality. These results suggest that lizards from aseasonal, warm and wet regions tend to reproduce more frequently during the year. Also, lizards from colder and seasonal climates tend to produce clutches at lower frequency but with larger sizes. As a result, lizards from colder regions also tend to have a higher RCM. In temperate regions, reproduction is usually seasonal and follows temperature and day length patterns, with the rigorous winter being a limiting factor for reproduction (Duvall et al. 1982; Fitch 1970) . In tropical regions, lizards tend to exhibit greater variation in clutch frequency/broods per year (Vitt 1992; Clerke and Alford 1993; Mesquita and Colli 2010) . Many species tend to reproduce continuously with several small clutches (Vitt and Colli 1994; Colli 2003b, 2010) . Some of these results have been shown before in other studies looking at intraspecific variation (Vitt 1986; Colli 1991; Vitt and Colli 1994; Colli et al. 2003; Colli 2003a, 2003b; Menezes et al. 2011) as well as in interspecific comparisons among tropical lizards (Mesquita and Colli 2010) . Our results-using powerful methods to account for evolutionary relationships Figure 4: Distribution of statistically significant nodes according to distance of nodes from root of tree, on the basis of a canonical phylogenetic ordination analysis relating nine life-history traits of lizard species and populations worldwide to phylogenetic tree structure and climatic parameters. Bottom, raw number of nodes with significant effects. Top, percentage of total nodes. and a global database-suggest that these patterns are remarkably consistent across geographic and taxonomic scales.
In addition to climatic effects, our global analysis based both on species and on populations revealed some interesting evolutionary patterns. In the species level analysis, most life-history traits showed significant phylogenetic signal (Pagel's l, Blomberg's K ). At the population level, the CPO showed that variation in trait values explained by clade membership is unevenly spaced in the tree, with basal lizard clades and a few younger clades explaining most of the variation in life-history traits. These results suggest not only that life-history traits tend to be con- Note: Nonphylogenetic regression models consisted of generalized linear model (GLM) for reproductive mode and ordinary least squares (OLS) for the other life-history traits. Phylogenetic regression models consisted of phylogenetic logistic regression (phylologistic) for reproductive mode and phylogenetic generalized least squares (PGLS) for the remainder. PGLS was performed under two models of trait evolution: Brownian motion (BM) and Ornstein-Uhlenbeck process (OU). Significant results are in bold. Means 5 SEs of life-history traits associated with foraging mode (sit-and-wait, active), distribution (temperate, tropical), and preferred habitat type (aquatic, arboreal, bromelicolous, fossorial, saxicolous, semiarboreal, terrestrial) Life-history 
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. 167 served in the evolutionary tree but also that variation in life-history traits is mainly explained by a few shifts that occurred early in the evolutionary history of the group. These interesting results may explain different broad patterns observed in lizard ecology. For instance, almost every known lizard reproductive strategy can be seen in a single assemblage in Neotropical lizards from the Caatinga biome in Brazil (see Vitt 1992) . All this variation among species exposed to the same climatic conditions suggests that a strong phylogenetic component must influence life-history patterns (Vitt 1990; Vitt 1992) . Also, many clades present remarkably similar life-history traits, despite the climatic context they occupy (Mesquita and Colli 2010) . For example, clutch size and egg volume were not significantly different between major clades of Kentropyx occupying different ecosystems (savannah vs. forest; Werneck et al. 2009 ). More broadly, our results mirror analysis based on diet composition for 184 lizard species from four continents (Vitt et al. 2003; Vitt and Pianka 2005) . These authors found that most variation in lizard diets is explained by a few shifts in early diversification of the group. Interestingly, the clades in which we found most of explained variance in life-history traits were nearly the same ones that Vitt and Pianka (2005) identified using diet data. These parallel results suggest that diets and life histories are evolutionarily linked. Moreover, distinct lizard traits can be largely independent of the ecological context they inhabit. Another interesting result is the lack of variation being explained by the Anolis clade. Anoles are one of most ecologically diverse clades among squamates and apparently were heavily influenced by environment and by presence of competitors (Losos et al. 1993; Losos and de Queiroz 1997; Losos 2009 ). Some species-depending on the density and/or diversity of potential competitors-evolved rapidly, and changes in habitat use and morphology were perceived in less than a decade (Losos et al. 1993) . However, some studies have also reported evidence of evolutionary relatedness within these events of rapid morphological evolution (Revell et al. 2007; Pennell et al. 2014) . Anoles have long been a model system for the study of community ecology (Losos 1994 (Losos , 2009 , and the influential work done in this system has affected how ecologists think generally about how communities are structured (Losos 1995 (Losos , 2009 Losos et al. 2003) . Our results suggest that the ecological lability presented by anoles is in fact an exception when analyzed in the context of a larger taxonomic scope.
Relationship of Life-History Traits with Foraging Mode, Tropical versus Temperate Distribution, and Habitat Specialization
We found no relationship between foraging mode and any of the life-history traits. Our results of no difference in RCM among foraging modes require a more in-depth discussion. RCM, body shape, and foraging mode have been hypothesized to be coevolved in lizards (Vitt and Congdon 1978; Vitt and Price 1982) . Active foraging lizards have streamlined bodies, allowing an increase in speed; this trade-off may limit reproductive investment. Their clutches typically comprise a relatively low proportion of total body mass (Vitt and Congdon 1978; Huey and Pianka 1981; Vitt and Price 1982; Shine and Schwarzkopf 1992; Warne and Charnov 2008) . Conversely, sit-and-wait lizards have a stocky body shape, which could enhance reproductive effort and RCM (Vitt and Congdon 1978; Huey and Pianka 1981; Vitt and Price 1982; Shine and Schwarzkopf 1992; Warne and Charnov 2008) . Surprisingly, our results do not support this hypothesis, since we found no difference in RCM among foraging modes. Our results suggest that the expected relationship between body size and RCM may not be as conspicuous as previous work suggests. However, because of problems with RCM estimates, interpretation of analyses of this variable must be performed with caution (Dunham et al. 1988) . RCM has been estimated in several different ways, and some authors do not always clearly state what method they used (Vitt and Price 1982; Cuellar 1984; Dunham et al. 1988; Greer 1989) . Sources of variation could be related to the freshness of material (preserved or fresh), ratios based on wet or dry mass, or female mass based on total or somatic mass only (Vitt and Price 1982; Cuellar 1984; Dunham et al. 1988 ). In addition, RCM estimates could be confounded by body mass estimates (Vitt and Price 1982; Seigel and Fitch 1984; Dunham and Miles 1985; Dunham et al. 1988 ). Although we collected a good proportion of our data, part of our data set came from other sources; thus, our results could be influenced by different methods used to estimate RCM. In addition, our study, like most others, considered single reproductive episodes, whereas the trade-offs of reproductive allocation over a prolonged period (e.g., lifetime) cannot be incorporated. Future studies with more standardized measures of RCM should help to elucidate this question. We found differences in clutch size, clutch frequency, and RCM among tropical and temperate species. These results are largely related to what was discussed in "Relationship between Climate and Life-History Traits." We found no difference in reproductive mode between tropical and temperate species. However, viviparity is associated with colder temperatures and higher altitudes. These results suggest that viviparous species within tropical regions tend to occupy regions with colder climates and/or higher altitudes. Reproductive mode evolution is complex in squamate reptiles, with both major modes (oviparity and viviparity) occurring within the same family (Shine 2004; Blackburn 2006; Pyron and Burbrink 2014) and even within different populations of the same species (Howard 1974; Tinkle and Gibbons 1977) . The main hypothesis is that viviparity evolved from oviparity via egg retention as an adaptation to colder climates because it facilitates egg protection and more rapid development via maternal thermoregulation (Huey 1977; Blackburn 1982; Shine 2005) . Our results support this hypothesis because we found that viviparous lizards tend to occur in colder temperatures and at higher elevations.
We found differences among habitat specializations in female size (SVL and mass) and RCM, with females being larger and having higher RCM in semiarboreal and saxicolous habitats. Previous work suggested that the use of crevices by saxicolous lizards to avoid predators limits evolution of bauplan and clutch mass (Vitt 1981) . Our results do not support this hypothesis; females of saxicolous lizards in fact tend to have large bodies and higher RCM when compared with species that are specialized in other habitats. Our result may reflect variation among the ecology of saxicolous lizards-not all saxicolous species rely on use of crevices to avoid predation. Our data set did not have enough resolution to compare different lizard species within the saxicolous habitat specialization. Future studies with more detailed ecological information may help to further test this hypothesis.
Conclusions
Complex interactions of factors that are often correlated and difficult to tease apart can potentially influence the evolution of life-history traits (Dunham and Miles 1985; Miles and Dunham 1992) . In our work, we assembled the largest life-history data set on lizards to date, with data covering most of the group's evolutionary history from many different geographical locations representing very distinct climatic regions. On the basis of our global analysis, we found some consistent patterns regarding the association of life-history traits and climatic variables. Our results show that in warmer tropical and less seasonal climates, lizards tend to reproduce more continuously, producing smaller clutches over the course of a year. These results are largely consistent with life-history theory and previous results based on smaller and scattered data sets (e.g., Colli 1991; Vitt and Colli 1994; Mesquita and Colli 2010) . We also revealed some interesting evolutionary patterns where variation in trait values explained by clade membership is unevenly distributed among lizard clades, with traits from basal clades and a few specific younger clades concentrating most of the explained variance. These results mirror other large-scale analysis of lizard ecological traits (Vitt and Pianka 2005) , suggesting that our results may be general to different ecological traits. Finally, we found significant differences in average temperature between reproductive modes, with viviparous species occurring in cooler climates and/or higher altitudes. Therefore, our analysis supports the hypothesis that viviparity evolved as a response to cooler climates (Fraipont et al. 1996; Shine 2005; Pyron and Burbrink 2014) . One caveat of our analysis is that the variance explained in the data was low (low r 2 values for all analysis). This highlights the complexity regarding life-history trait evolution, especially when many species from divergent evolutionary lineages are analyzed together. Future studies with more focused data sets (e.g., detailed samples within lineages) may help understanding whether our low effect size results are general on life-history traits or whether it is a particular result due to the high variation in our global data set.
